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concentrations {5. 8 and 10 nlol o/o)_ The tail of the Yb3~~ absorption spectra spin-allo~¥'ed 2F7f2 2F5/2 transition 
ex~tends from 920 nm to the 1020 nm region with tlvo strong peaks at 966 and 975 Iun, respectively (Fig- l_a). 
3+ l ll6 transition does not appeal~ as a separate peak in the absorption spectra because it is Othen~rise. the Pr G 
embedded in Yb3+ broad-band absorption The increase of the ytterbium concentration ill PI~YbIKYF single 
cr~.'stals is confirmed b_v the absorption measurements in the near in~rared re~"ion, as it is shown in Fig- I a_ The 
Yb3~h absorption coefficient at 975 nm increases Lrom 6_49 cm~1 to 13_35 cm~1 in the case of loloP!~ 50/0Yu:KYF and 
lo/oPr, 1.00/0Yb!KYF, respectively. The variation of the Pr concentration was also coliflfmed by the visible 
absor~)tion measurenlents (Fig. l_b). The Pr absorption coeffilcient at 446-5 mn is three to four times lower than 
that of Yb3+ at 975 nm, in the case of lc/oPr, 100/0YbIKYF, as it is shown in Table I . The Yb3~ absorption, which 
overlaps completely ~vith the Pr~~h (lG4) absorption, is well suited for InGaAS kaser diode punrping. Figure I b 
shows a typieal absorption speetra of Pr3+ in Pr,¥Ifb :KYF single erystals, I~rhere one indicates the maiu transitions 
of the praseodymiunl ion in the speetral region of interest. From the absorption and EPMA measurements. Pr-Yb 
pair ~vas successfully incorporated in the same K¥13F Io crystal and codoping with yiterbium permits activation of 
the ex"cited states of Pr3+ through phonon-mediated ener*gy transfer between the Yb3' (2F5/2) and Pr3+ (lG4) energy 
states_ The simple energy stnlcture for the trivalent ~~terbium is advantageous in limiting the possibilities for 
energy back-transfer from the excited states of Pr3+_ The presence of Pr~'+ does not affect the shape of the infrared 
Yb3~ absorption and emission spectra. Ho~~'ever, the fiuorescence decay time of the (Yb3~ 2F5/2 2F7/2 transition 
in codoped KYF single crystals deerease with the increase of the praseodymium concentration. The blue, green 
and red emjssions are due to transitions betwcen the 3Po 3H4, 3Po 3H5 and 3Po 3H6 states, respectively (Frg-
2)_ The red ('Po 'H6) and green ('Po 'H5) transihons constitute a promismg candidate for four-1evel laser 
s.¥'stelns, ¥¥'hich are less sensitive to the crv. stal field splitting and the laser cavity length than the grormd-state 
telwinating blue en:ission one (3Po 31{;)_ 
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Fig. 1_ Room temperatlu'e yiterbium (a) and praseodymium (b) absorption spectra in Pr,Yb:KYF single crystals_ 
Table I Calculated effective segregation coefflcient of Pr and Yb in KYF crystals and their absorption coefficient 
at 446__1~ mn and 97)~ um, respectively.       , 
   Pr8+ ion Yb3+ ion 
    (_.10ncout,ration (molo/o) Absorption coeffieient (cm~1) at 446.5 Iml ri;_oneentration (molo/o) Absorption coefficient (cm~1) at 9 /=5 nm 
     Nominal IVleasure d Ji'*~r Nomiual l'ilea~~ured Ji-eF 
      1 0.69 3_08 5 0.97 6.49 
      1 0.60 3.14-8 0.94 10.05 
      1 0.6O 3.63 lO 0.91 13.35 
  ^Samples. thickness' w'as. 1.36 d: 0_OI mln 
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3+ 
Deeper investigations on optical properties of this fluorescent visible emissions from Pr ions in 
Pr Yb KYF as a fimction of the Pr3+ and Yb3+ concentrations might be of interest for better understanding and 
optinization of the laser potential. 
Several concentrations of Pr,Yb-codoped KYF fluoride single crystals were grown by the u-PD method. 
The crystals were transpareut with a slight greenish color, 2.0-2.5 mm in diameter and 20-30 nm in lengtil 
Neither visible inclusions nor cracks were observed The calculated effeotive segregation coefEcients of Pr and 
Yb in KYF range ~rom 0.50 to 0.69 for Prs+ and almost I for Yb3+ for all the grown crystals. We have investigated 
3+ 3+ 
the up-conversion processes in Yb -Pr -codoped KYF, which fluoresce strongly in the 450-600 nnl range upon 
selective excitation at 975 nm with an OPO (pumped by a Nd:YAG). Our results indicate a large energy transfer 
3+ 3+ 
rate between Yb -Pr , which may eventually be exploited for the operation of an up-conversion laser. Further 
detailed spectroscopic investigations will be of great interest. 
;
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